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1
DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 102142334, filed on Nov. 20, 2013. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

TECHNICAL FIELD

The invention relates generally to a display, and more par-
ticularly to a display panel having a driving circuit structure.

RELATED ART

In recent years, with the advances in technologies and the
semiconductor industry, users are placing increasing
demands on the digital products. Therefore, display screens
have been emphasized by researchers due to the important
role they play in digital products, and the liquid crystal dis-
play (LCD) panel has become mainstream among the display
screens.

Generally speaking, the LCD panel is formed by assem-
bling the device substrate and the opposite substrate together
with a sealant, and injecting a liquid crystal layer between the
device substrate and the opposite substrate. The device sub-
strate may be an active array substrate or a passive array
substrate, and the opposite substrate may be a typical blank
substrate or a substrate having an electrode film or a color
filter layer disposed thereon. The LCD panel includes a dis-
play region and a non-display region. The devices (e.g. the
pixel array and the display medium) in the LCD panel used
for image display are disposed in the display region. More-
over, to achieve a slim border, techniques have been devel-
oped to dispose the gate driver on array (GOA) to drive the
display panel in the non-display region of the display panel.

In GOA designs, the components of the GOA structure are
typically disposed at the sealant area of the display panel. In
order to make the sealant completely reacted by UV, a suffi-
cient transparent region is typically required at the sealant
area. However, since the GOA structure disposed at the seal-
ant area is designed with non-transparent metal, the compo-
nents of the GOA cannot be densely designed, which results
in failure to achieve the slim border of the display panel.

SUMMARY

The invention provides a display panel capable of improv-
ing the components of the gate driver on array (GOA) to
enable a dense design, thereby achieving a preferable slim
border for the display panel.

The invention provides a display panel having a display
region and a non-display region. The display panel includes
an active array substrate and an opposite substrate disposed
opposite to the active array substrate. The active array sub-
strate includes a substrate, a pixel array, and a driving circuit.
The pixel array and the driving circuit are disposed on the
substrate, the pixel array is located in the display region, and
the driving circuit is located in the non-display region. The
driving circuit includes a first transparent electrode layer, a
second transparent electrode layer, and a dielectric layer. The
dielectric layer is located between the first transparent elec-
trode layer and the second transparent electrode layer, in
which the first transparent electrode layer and the second
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2

transparent electrode layer are electrically coupled to each
other to form at least one transparent capacitor.

The invention also provides a display panel having a dis-
play region and a non-display region. The display panel
includes an active array substrate, an opposite substrate, and
a sealant. The active array substrate includes a substrate, a
pixel array, and a driving circuit. The driving circuit includes
at least one transparent capacitor. The opposite substrate is
disposed opposite to the active array substrate. The sealant
covers at least a portion of the at least one transparent capaci-
tor, and the pixel array and the driving circuit are disposed on
the substrate. Moreover, the pixel array is located in the
display region, and the driving circuit is located in the non-
display region.

In summary, the driving circuit of the display panel in the
invention includes the transparent capacitor formed by the
first transparent electrode layer, the second transparent elec-
trode layer, and the dielectric layer. Since the transparent
capacitor can increase the transmittance needed by the sealant
curing process, the design of the driving circuit of the display
panel can be arranged more densely in the sealant, and
thereby reduce the border of the display panel.

To make the above features and advantages ofthe invention
more comprehensible, several embodiments accompanied
with drawings are described in detail as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings constituting a part of this
specification are incorporated herein to provide a further
understanding of the disclosure. Here, the drawings illustrate
embodiments of the disclosure and, together with the descrip-
tion, serve to explain the principles of the disclosure.

FIG. 1is a schematic top view of a display panel according
to an embodiment of the invention.

FIG. 2 is a partial cross-section view of the display panel
depicted in FIG. 1 along a line I-I' according to a first embodi-
ment of the invention.

FIGS. 3A-3E are schematic views illustrating a fabrication
process of the display panel according to the first embodiment
of the invention.

FIG. 4 is a partial cross-section view of the display panel
depicted in FIG. 1 along a line I-I' according to a second
embodiment of the invention.

FIGS. 5A-5D are schematic views illustrating a fabrication
process of the display panel according to the second embodi-
ment of the invention.

FIG. 6 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a third
embodiment of the invention.

FIGS. 7A-7E are schematic views illustrating a fabrication
process of the display panel according to the third embodi-
ment of the invention.

FIG. 8 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a fourth
embodiment of the invention.

FIG. 9 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a fifth
embodiment of the invention.

FIG. 10 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a sixth
embodiment of the invention.

FIG. 11 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a seventh
embodiment of the invention.
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FIG. 12 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to an eighth
embodiment of the invention.

FIG. 13 is an equivalent circuit diagram of a gate driving
circuit according to an embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

FIG. 1 is a schematic view of a display panel according to
an embodiment of the invention. With reference to FIG. 1, in
the present embodiment, a display panel has a display region
R1 and a non-display region R2, in which the non-display
region R2 includes a sealant region S1. Since the display
panel display images in the display region R1, the devices
used for displaying images (e.g. a pixel array and a display
medium) in the display panel are disposed in the display
region R1. On the other hand, the non-display region R2 does
not display images. Therefore, a driving circuit is typically
disposed in the non-display region R2 to prevent affecting the
appearance of the display panel. In the present embodiment,
the display region R1 is a rectangular region, and the non-
display region R2 is a frame-shaped region surrounding and
adjacent to the display region R1. In other embodiments of
the invention, the shape of the display region R1 may be
circular, oval, polygonal, or other shapes. Moreover, the
shape of the non-display region R2 may be suitably adjusted
according to the shape of the display region R1, although the
invention is not limited thereto. In addition, the display panel
of'the present embodiment may use amorphous silicon, oxide
semiconductor, or low-temperature polysilicon (LTPS) to
serve as the active layer in the thin film transistors (TFTs) of
a liquid crystal display (LCD) panel or an organic light emit-
ting diode (OLED) panel, although the invention does not
limit the type of the display panels.

First Embodiment

FIG. 2 is a partial cross-section view of the display panel
depicted in FIG. 1 along a line I-I' according to a first embodi-
ment of the invention. With reference to FIGS. 1 and 2, in the
present embodiment, a display panel 100 includes an active
array substrate 110, an opposite substrate 120, a sealant 130,
and a display medium 140. The opposite substrate 120 is
disposed opposite to the active array substrate 110. The active
array substrate 110 includes a substrate 112, and a pixel array
114 and a driving circuit DC disposed on the substrate 112.
The substrate 112 may be a rigid substrate or a flexible sub-
strate, and the substrate 112 may be made of glass, quartz,
organic polymer, or other suitable materials. The pixel array
114 is located in the display region R1, and the driving circuit
DC is located in the non-display region R2. The pixel array
114 includes a TFT array and pixel electrodes P electrically
connected with the TFT array. To facilitate description, only
one thin film transistor TFT is shown inthe TF T array 114, but
in practice the TFT array includes a plurality of thin film
transistors TFT. The pixel array 114 is further detailed in the
following description.

The driving circuit DC may be a gate driver on array (GOA)
orashiftregister, although the invention is not limited thereto.
In specifics, the driving circuit DC of the present embodiment
includes a first conductive element 1102, a second conductive
element 1104, an insulating layer PL, a first transparent elec-
trode layer E1, a second transparent electrode layer E2, a
dielectric layer IL, a protection layer 150, and a protection
layer 160.

The first conductive element 1102 and the second conduc-
tive element 1104 may be TFTs, conductive wires, or a com-
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bination thereof. Similarly, when the first conductive element
1102 or the second conductive element 1104 is a TET, the first
conductive element 1102 or the second conductive element
1104 may include a gate, a channel layer, a source, and a
drain.

The insulating layer PL. may be an inorganic material (e.g.,
silicon oxide (Si02), silicon nitride (SiN), silicon oxynitride
(SiON), or a combination thereof), or an organic material
(e.g., polyester (PET), polyolefin, polypropylene, polycar-
bonate, polyalkylene oxide, polystyrene, polyether, polyke-
tone, polyalcohol, polyaldehyde, or acombination thereof). A
thickness of the insulating layer PL. may be adjusted accord-
ing to a requirement in practice. For example, when the insu-
lating layer PL is made of inorganic materials, the thickness
of the insulating layer is approximately 400 nm to 1000 nm.
When the insulating layer PL. is made of organic materials, the
thickness of the insulating layer PL. is approximately 800 nm
to 4500 nm.

The first transparent electrode layer E1 and/or the second
transparent electrode layer E2 and/or a third transparent elec-
trode layer E3 may be made of transparent conductive mate-
rials, such as indium tin oxide (ITO), indium zinc oxide
(IZ0), aluminum tin oxide (ATO), aluminum zinc oxide
(AZO), indium gallium zinc oxide (IGZO), other suitable
oxides, or stacked layers of at least two of the foregoing
materials, although the invention is not limited thereto.

The dielectric layer 1L, the protection layer 150, and the
protection layer 160 may be made of inorganic dielectric
materials, such as silicon nitride (SiNx), silicon dioxide
(Si02), or other suitable materials.

In the present embodiment, the protection layer 150 is
located on the first conductive element 1102 and the second
conductive element 1104, the insulating layer PL.is located on
the protection layer 150, and the protection layer 160 is
located on the insulating layer PL. The dielectric layer IL is
located on the protection layer 160 and between the first
transparent electrode layer E1 and the second transparent
electrode layer E2. In detail, a plurality of openings W', W1',
and W2' are formed in the insulating layer PL. The insulating
layer 160 and the dielectric layer IL are filled in the openings
W', W1' and W2', and the dielectric layer IL, the protection
layer 150, and the protection layer 160 commonly have an
opening W, a first opening W1, and a second opening W2.
Moreover, the dielectric layer IL has a contact opening W3, in
which the first opening W1 and the second opening W2
respectively expose the first conductive element 1102 and the
second conductive element 1104. In specifics, the first trans-
parent electrode layer E1 is electrically connected with the
first conductive element 1102 through the contact opening
W3, the third transparent electrode layer E3, and the first
opening W1, and the second transparent electrode layer E2 is
electrically connected with the second conductive element
1104 through the second opening W2.

It should be noted that, in the present embodiment, a pat-
terning process using a mask is performed on the insulating
layer PL to form the opening W', the first opening W1', and the
second opening W2'. A photolithography process and a cor-
responding etching process using another mask are then per-
formed on the dielectric layer IL, the protection layer 150, and
the protection layer 160 to form the opening W, the first
opening W1, the second opening W2, and the contact opening
W3. However, the invention is not limited thereto. In other
embodiments, a single mask or more than two masks may be
used to perform a photolithography process and a corre-
sponding etching process on the insulating layer PL, the
dielectric layer 1L, the protection layer 150, and the protec-
tion layer 160. Moreover, the invention does not limit the
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electrical connection methods of the first transparent elec-
trode layer E1 and the first conductive element 1102, and the
electrical connection methods may be adjusted according to
the quantity of fabrication masks and the design. Detailed
description of the fabrication steps are provided below with
reference to the figures and using a single mask fabrication
example for the dielectric layer IL and the protection layers
150 and 160.

In the present embodiment, the first transparent electrode
layer E1 and the second transparent electrode layer E2 are
electrically coupled to each other. The first transparent elec-
trode layer E1, the second transparent electrode layer E2 and
the dielectric layer IL. may form a transparent capacitor C on
the insulating layer PL. As shown in FIG. 2, the driving circuit
DC of the present embodiment has a transparent capacitor C,
although the invention is not limited thereto. The quantity of
the transparent capacitor C of the driving circuit DC may be
adjusted as needed. When the driving circuit DC is a shift
register or a gate driver, the transparent capacitor C may be
located in the shift register or the gate driver.

Since the thickness of the dielectric layer IL is relatively
thin, the area occupied by the capacitor C can be reduced
when the capacitance value remains the same. Moreover, the
insulating layer PL has a fixed thickness as described above,
and thus a coupling phenomenon between the transparent
capacitor C and any one of the first conductive element 1102
and the second conductive element 1104 can be reduced.
Therefore, the transparent capacitor C can be insulated by the
insulating layer PLL and stacked above the first conductive
element 1102 or the second conductive element 1104. More-
over, the transparent capacitor C and the first conductive
element 1102 or the second conductive element 1104 can be
tightly arranged, thereby reducing a horizontal distance
between the transparent capacitor C and any one of the first
conductive element 1102 and the second conductive element
1104. In view of the foregoing, compared to the capacitor
composed of metal electrodes which is patterned with com-
ponents of the first conductive element 1102 or the second
conductive element 1104, the display panel 100 according to
the present embodiment can achieve a slimmer border.

It should be noted that, a voltage difference between the
first transparent electrode layer E1 and the second transparent
electrode layer E2 in the non-display region R2 is from —-40V
to +40V, which is larger than the typical operating voltage in
the display region R1. Therefore, when the display panel 100
is operating under conditions with water vapor (moisture), the
insulating layer PL, if made of organic materials, is prone to
absorb moisture and cause deterioration of the transparent
capacitor C being contacted, thereby resulting in driving
issues for the GOA. In order to prevent the afore-described
problems, a protection layer 160 is disposed between the
insulating layer PL, and the first transparent electrode layer E1
to serve as a barrier layer to prevent water vapor from con-
tacting the first transparent electrode layer E1. Both of the
protection layer 160 and the protection layer 150 have the first
opening W1 and the second opening W2 for respectively
exposing the first conductive element 1102 and the second
conductive element 1104.

In the present embodiment, as shown in FIG. 2, the oppo-
site substrate 120 is located opposite to the active array sub-
strate 110. The opposite substrate 120 may be a glass sub-
strate, a substrate configured with film electrodes, or a
substrate configured with a color filter array. The sealant 130
is located in the non-display region R2 between the active
array substrate 110 and the opposite substrate 120, for assem-
bling the active array substrate 110 and the opposite substrate
120 together. With reference again to FIG. 1, the sealant
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region S1 in the non-display region R2 surrounds the display
region R1, and the sealant 130 is located in the sealant region
S1. To be specific, the sealant 130 is located between the
active array substrate 110 and the opposite substrate 120, and
the sealant 130 covers at least a portion of the driving circuit
DC ofthe active array substrate 110. That s, as shown in FIG.
2, the sealant 130 may cover a portion of the transparent
capacitor C, although the invention is not limited thereto. The
sealant 130 may be a photo-curable sealant material, although
the invention is not limited thereto. It should be noted that,
when the sealant 130 is made of a photo-curable sealant
material, a sufficient transparent region is needed at the area
of the sealant 130 to perform the curing process. However,
due to the transparent capacitor C of the present embodiment
increasing the transmittance required for curing the sealant
130, therefore, a sufficient transparent region can be assured
even if the sealant 130 and the transparent capacitor C are
completely overlapping. When compared to display panels
that adopt non-transparent capacitors, the display panel 100
of the present embodiment can shrink the design of the driv-
ing circuit DC including the transparent capacitor C in the
sealant 130, and thereby reduce the border of the display
panel 100.

The display medium 140 is located between the active
array substrate 110, the opposite substrate 120, and the seal-
ant 130. In specifics, after the active array substrate 110 and
the opposite substrate 120 are assembled together by the
sealant 130, a containing space is formed between the active
array substrate 110, the opposite substrate 120, and the seal-
ant 130. The display medium 140 is disposed in this contain-
ing space, which corresponds to the pixel array 114 located in
the display region R1. The display medium 140 may be a
liquid crystal layer or an OLED material, although the inven-
tion is not limited thereto.

In the present embodiment, water vapor is prevented from
affecting the transparent capacitor C by the protection layer
160, although the invention is not limited thereto. In other
embodiments, the same effects to avoid water vapor may also
be made by process or material improvements without need-
ing the protection layer 160. For example, the methods may
include lowering the moisture permeability of the insulating
layer PL or the sealant 130, filling sealant in grooves formed
in the insulating layer PL, or improving the film quality of the
dielectric layer IL. Next, the steps for fabricating the display
panel 100 of the present embodiment are described in detail
with reference to the figures.

FIGS. 3A-3E are schematic views illustrating a fabrication
process of the display panel according to the first embodiment
of the invention. In order to clearly describe the fabrication
process of the display panel 100 according to the present
embodiment, only the components in the non-display region
R2 of the display panel 100 are drawn in FIGS. 3A-3E, and
the components in the display region R1 are omitted. With
reference to FIG. 3 A, the first conductive element 1102 and
the second conductive element 1104 are formed on the sub-
strate 112. Thereafter, the protection layer 150 is formed on
the substrate 112 to cover the first conductive element 1102
and the second conductive element 1104. The insulating layer
PL is then formed, and the first opening W1' and the second
opening W2' are formed in the insulating layer PL. by using a
mask.

Thereafter, as shown in FIG. 3B, the protection layer 160 is
formed on the insulating layer PL. As shown in FIG. 3C, the
first transparent electrode layer E1 and the dielectric layer IL.
are formed in sequence on the protection layer 160. The first
transparent electrode layer E1 may be formed by performing
photolithography and etching processes on a transparent elec-
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trode layer (not drawn) by using a mask. Thereafter, with
reference to FIG. 3D, photolithography and etching processes
using a mask are performed on the dielectric layer IL, the
protection layer 160, and the protection layer 150. Moreover,
the first transparent electrode layer E1, the first conductive
element 1102, and the second conductive element 1104 are
used as etch stop layers, such that the first opening W1 and the
second opening W2 are formed in the dielectric layer 1L, the
protection layer 150, and the protection layer 160, and the
contact opening W3 is formed in the dielectric layer IL.

With reference to FIG. 3E, the second transparent electrode
layer E2 and the third transparent electrode layer E3 are then
formed on the dielectric layer IL.. The second transparent
electrode layer E2 and the third transparent electrode layer E3
may be formed by patterning a same transparent electrode
layer. The first transparent electrode layer F1, the second
transparent electrode layer E2, and the dielectric layer IL. may
form the transparent capacitor C on the insulating layer PL.
The first transparent electrode layer E1 is electrically con-
nected with the first conductive element 1102 through the
contact opening W3, the third transparent electrode layer E3,
and the first opening W1. Accordingly, the fabrication of the
active array substrate 110 of the display panel 100 in the
present embodiment is complete.

Second Embodiment

FIG. 4 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a second
embodiment of the invention. The second embodiment is
similar to the first embodiment, and therefore the same or
similar elements are labeled with the same or similar refer-
ence numbers, and the description thereof are not repeated. A
difference between a display panel 200 and the display panel
100 is that, there is no protection layer 160 between the
insulating layer PL, and the first transparent electrode layer E1
of'the display panel 200. It should be noted that, in the present
embodiment, a patterning process using a mask is performed
on the insulating layer PL to form the openings W', W1', and
W2'. A photolithography process and a corresponding etch-
ing process using another mask are then performed on the
dielectric layer IL and the protection layer 150 to form the
opening W, the first opening W1, the second opening W2, and
the contact opening W3. However, the invention is not limited
thereto. In other embodiments, a single mask or more than
two masks may be used to perform a photolithography pro-
cess and a corresponding etching process on the insulating
layer PL, the dielectric layer IL, and the protection layer 150.
Moreover, the invention does not limit the methods of the
electrical connection between the first transparent electrode
layer E1 and the first conductive element 1102, and the meth-
ods of the electrical connection may be adjusted according to
the quantity of fabrication masks and the design. Detailed
description of the fabrication steps are provided below with
reference to the figures and using a single mask fabrication
example for the dielectric layer IL and the protection layer
150.

By using the afore-described improving methods, the dis-
play panel 200 according to the present embodiment can
prevent water vapor from deteriorating the transparent
capacitor C without requiring the protection layer 160
between the insulating layer PL and the first transparent elec-
trode layer E1. As shown in FIG. 3, the sealant 130 may cover
at least a portion of the transparent capacitor C, although the
invention is not limited thereto. Similarly, since the transpar-
ent capacitor C of the present embodiment can increase the
transmittance needed to cure the sealant 130, therefore, a
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sufficient transparent region can be assured even if the sealant
130 and the transparent capacitor C are completely overlap-
ping. Accordingly, the display panel 200 of the present
embodiment can shrink the design of the driving circuit DC
including the transparent capacitor C in the sealant 130, and
thereby reduce the border of the display panel 200. Next, the
steps for fabricating the display panel 200 of the present
embodiment are described in detail with reference to the
figures.

FIGS. 5A-5D are schematic views illustrating a fabrication
process of the display panel according to the second embodi-
ment of the invention. In order to clearly describe the fabri-
cation process of the display panel 200 in the present embodi-
ment, only the components in the non-display region R2 of
the display panel 200 are drawn in FIGS. 5A-5D, and the
components in the display region R1 are omitted. With refer-
ence to FIG. 5A, the first conductive element 1102 and the
second conductive element 1104 are formed on the substrate
112. The protection layer 150 is then formed on the substrate
112 to cover the first conductive element 1102 and the second
conductive element 1104. Thereafter, the insulating layer PL.
is formed, and the first opening W1' and the second opening
W2' are formed in the insulating layer PL by using a mask.

Referring to FIG. 5B, the first transparent electrode layer
E1 and the dielectric layer IL are then formed on the insulat-
ing layer PL in sequence. Thereafter, with reference to FIG.
5C, photolithography and etching processes using a mask are
performed on the dielectric layer IL and the protection layer
150. Moreover, the first transparent electrode layer E1, the
first conductive element 1102, and the second conductive
element 1104 are used as etch stop layers, such that the first
opening W1 and the second opening W2 are formed in the
dielectric layer IL and the protection layer 150, and the con-
tact opening W3 is formed in the dielectric layer IL.

With reference to FIG. 5D, the second transparent elec-
trode layer E2 and the third transparent electrode layer E3 are
then formed on the dielectric layer IL. The first transparent
electrode layer E1, the second transparent electrode layer E2,
and the dielectric layer IL may form the transparent capacitor
C on the insulating layer PL. The first transparent electrode
layer E1 is electrically connected with the first conductive
element 1102 through the contact opening W3, the third
transparent electrode layer E3, and the first opening W1.
Accordingly, the fabrication of the active array substrate 110
of the display panel 200 in the present embodiment is com-
plete.

Third Embodiment

FIG. 6 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a third
embodiment of the invention. The third embodiment is simi-
lar to the first embodiment, and therefore the same or similar
elements are labeled with the same or similar reference num-
bers, and the description thereof are not repeated. A differ-
ence between a display panel 300 and the display panel 100 is
that, there is no protection layer 150 on the first conductive
element 1102 and the second conductive element 1104. That
is, the insulating layer PL is directly above the first conductive
element 1102 and the second conductive element 1104. Simi-
larly, the dielectric layer IL. and the protection layer 160
commonly have the first opening W1 and the second opening
W2. Moreover, the dielectric layer IL also has the contact
opening W3, in which the first opening W1 and the second
opening W2 respectively expose the first conductive element
1102 and the second conductive element 1104. In specifics,
the first transparent electrode layer E1 is electrically con-
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nected with the first conductive element 1102 through the
contact opening W3, the third transparent electrode layer E3,
and the first opening W1, and the second transparent elec-
trode layer E2 is electrically connected with the second con-
ductive element 1104 through the second opening W2. Simi-
larly, in the present embodiment, a patterning process using a
mask is performed on the insulating layer PL to form the
opening W', the first opening W1', and the second opening
W2'. A photolithography process and a corresponding etch-
ing process using another mask are performed on the dielec-
tric layer IL. and the protection layer 160 to form the opening
W, the first opening W1, the second opening W2, and the
contact opening W3. However, the invention is not limited
thereto. In other embodiments, a single mask or more than
two masks may be used to perform a photolithography pro-
cess and a corresponding etching process on the insulating
layer PL, the dielectric layer IL, and the protection layer 160.
Moreover, the invention does not limit the methods of the
electrical connection between the first transparent electrode
layer E1 and the first conductive element 1102, and the meth-
ods of the electrical connection may be adjusted according to
the fabrication process or design. The fabrication steps are
described in detail below with reference to the figures.

As shown in FIG. 6, the sealant 130 may cover a portion of
the transparent capacitor C, although the invention is not
limited thereto. Similarly, since the transparent capacitor C of
the present embodiment can increase the transmittance
needed to cure the sealant 130, therefore, a sufficient trans-
parent region can be assured even if the sealant 130 and the
transparent capacitor C are completely overlapping. Accord-
ingly, the display panel 300 of the present embodiment can
shrink the design of the driving circuit DC including the
transparent capacitor C in the sealant 130, and thereby reduce
the border of the display panel 300. Detailed description of
the fabrication steps of the display panel 300 in the present
embodiment are provided below with reference to the figures
and using a single mask fabrication example for the dielectric
layer IL. and the protection layer 160.

FIGS. 7A-7E are schematic views illustrating a fabrication
process of the display panel according to the third embodi-
ment of the invention. In order to clearly describe the fabri-
cation process of the display panel 300 in the present embodi-
ment, only the components in the non-display region R2 of
the display panel 300 are drawn in FIGS. 7A-7E, and the
components in the display region R1 are omitted. With refer-
ence to FIG. 7A, the first conductive element 1102 and the
second conductive element 1104 are formed on the substrate
112. The insulating layer PL is then formed on the substrate
112 to cover the first conductive element 1102 and the second
conductive element 1104. The first opening W1' and the sec-
ond opening W2' are formed in the insulating layer PL by
using a mask.

Thereafter, as shown in FIG. 7B, the protection layer 160 is
formed on the insulating layer PL. As shown in FIG. 7C, the
first transparent electrode layer E1 and the dielectric layer IL,
are then formed on the protection layer 160 in sequence. The
first transparent electrode layer E1 may be formed by per-
forming photolithography and etching processes on a trans-
parent electrode layer (not drawn) by using a mask. Thereaf-
ter, with reference to FIG. 7D, photolithography and etching
processes using a mask are performed on the dielectric layer
1L and the protection layer 160. Moreover, the first transpar-
ent electrode layer E1, the first conductive element 1102, and
the second conductive element 1104 are used as etch stop
layers, such that the first opening W1 and the second opening
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W2 are formed in the dielectric layer I, and the protection
layer 160, and the contact opening W3 is formed in the dielec-
tric layer IL..

With reference to FIG. 7E, the second transparent electrode
layer E2 and the third transparent electrode layer E3 are then
formed on the dielectric layer IL. The first transparent elec-
trode layer E1, the second transparent electrode layer E2, and
the dielectric layer IL. may form the transparent capacitor C
on the insulating layer PL. The first transparent electrode
layer E1 is electrically connected with the first conductive
element 1102 through the contact opening W3, the third
transparent electrode layer E3, and the first opening W1.
Accordingly, the fabrication of the active array substrate 110
of the display panel 300 in the present embodiment is com-
plete.

Fourth Embodiment

FIG. 8 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a fourth
embodiment of the invention. In the embodiment shown in
FIG. 8, amorphous silicon transistors are used to exemplify
the TFTs in the display panel to facilitate description,
although the invention is not limited thereto. The same or
similar elements compared with the embodiment depicted in
FIG. 2 are labeled with the same or similar reference num-
bers, and the description thereof are not repeated. In the
present embodiment, the conductive elements of the non-
display region R2 may be exemplified as the conductive lines
L1 and L.2. The conductive lines .1 and 1.2 may receive clock
signals, gate driving signals, or pull-down signals, for
example. In specifics, the first transparent electrode layer E1
of' the transparent capacitor C is electrically with the conduc-
tive line L2 through the contact opening W3, the third trans-
parent electrode layer E3 and the first opening W1. The sec-
ond transparent electrode layer E2 is electrically connected
with the conductive line [.1 through the second opening W2.
A difference between a display panel 400 and the display
panel 100 is in the relative configurations between the pixel
array 114 of the display region R1, the transparent capacitor
C, and the conductive lines [.1 and [.2. A fringe field switch-
ing (FFS) LCD panel is used as an illustrative example to
describe the display panel 400 below.

Only one thin film transistor TFT and one pixel electrode P
are drawn in FIG. 8 to facilitate description, although in
practice, the pixel array 114 includes a plurality of thin film
transistors TFT and a plurality of pixel electrodes P. The thin
film transistor TFT includes a gate G, a source S, a channel
layer CH, and a drain D. A gate insulating layer GI is located
between the gate G and the source S and the drain D, and the
channel layer CH is located between the gate insulating layer
GI and the source S and the drain D. As shown in FIG. 8, the
gate G is formed by patterning a first metal layer (not labeled),
and the source S and the drain D are formed by patterning a
second metal layer (not labeled). The conductive lines .1 and
L2, the source S, and the drain D are formed in a same
fabrication step by patterning the same second metal layer
(not labeled), although the invention is not limited thereto. In
the present embodiment, the protection layer 150 covers the
conductive lines L1 and .2, the source S, and the drain D. As
aFFS LCD panel, the pixel array 114 of the display panel 400
includes a plurality of pixel electrodes P and common elec-
trodes com.

In the present embodiment, each of the pixel electrodes P
has a plurality of alignment slits ST. The invention does not
limit the shape of the alignment slits ST, and the shape may be
a strip shape or a V shape. As shown in FIG. 8, the common
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electrodes com and the first transparent electrode layer E1 are
formed in a same fabrication step and are located in a same
film layer. Moreover, a protection layer 160 is located
between the film layer of the common electrodes com and the
first transparent electrode layer E1 and the insulating layer
PL. The pixel electrodes P and the second transparent elec-
trode layer E2 are formed in a same fabrication step and are
located in a same film layer. Moreover, a dielectric layer IL is
located between the pixel electrodes P and the common elec-
trodes corn, such that the pixel electrodes P and the common
electrodes corn are electrically insulated from each other. The
pixel electrodes P and the thin film transistors TFT are elec-
trically connected through the opening W, although the inven-
tion is not limited thereto.

As shown in FIG. 8, the sealant 130 may cover a portion of
the transparent capacitor C, although the invention is not
limited thereto. Similarly, since the transparent capacitor C of
the present embodiment can increase the transmittance
needed to cure the sealant 130, therefore, a sufficient trans-
parent region can be assured even if the sealant 130 and the
transparent capacitor C are completely overlapping. Accord-
ingly, the display panel 400 of the present embodiment can
shrink the design of the driving circuit DC including the
transparent capacitor C in the sealant 130, and thereby reduce
the border of the display panel 400.

Fifth Embodiment

FIG. 9 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a fifth
embodiment of the invention. In the embodiment shown in
FIG. 9, amorphous silicon transistors are used to exemplify
the TFTs in the display panel to facilitate description,
although the invention is not limited thereto. The same or
similar elements compared with the embodiment depicted in
FIG. 4 are labeled with the same or similar reference num-
bers, and the description thereof are notrepeated. A FFSLCD
panel is used as an illustrative example to describe a display
panel 500 below. In the present embodiment, the conductive
elements of the non-display region R2 may be exemplified as
the conductive lines L1 and L.2. The conductive lines .1 and
L2 may receive clock signals, gate driving signals, or pull-
down signals, for example. The first transparent electrode
layer E1 of the transparent capacitor C is electrically con-
nected with the conductive line 1.2 through the contact open-
ing W3, the third transparent electrode layer E3, and the first
opening W1. The second transparent electrode layer E2 is
electrically connected with the conductive line L1 through the
second opening W2. A difference between the display panel
500 and the display panel 200 is in the relative configurations
between the pixel array 114 of the display region R1, the
transparent capacitor C, and the conductive lines .1 and .2.
A FFS LCD panel is used as an illustrative example to
describe the display panel 500 below.

Similarly, only one thin film transistor TFT and one pixel
electrode P are drawn in FIG. 9 to facilitate description,
although in practice, the pixel array 114 includes a plurality of
thin film transistors TFT and a plurality of pixel electrodes P.
The thin film transistor TFT includes a gate G, a source S, a
channel layer CH, and a drain D. A gate insulating layer Gl is
located between the gate G and the source S and the drain D,
and the channel layer CH is located between the gate insulat-
ing layer GI and the source S and the drain D. As shown in
FIG. 9, the gate G is located in the first metal layer, and the
source S and the drain D are located in the second metal layer.
The conductive lines L1 and L2, the source S, and the drain D
are formed in a same fabrication step and are located in the
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same second metal layer, although the invention is not limited
thereto. In the present embodiment, the protection layer 150
covers the conductive lines L1 and 1.2, the source S, and the
drain D. As a FFS LCD panel, the pixel array 114 of the
display panel 500 includes a plurality of pixel electrodes P
and common electrodes corn.

In the present embodiment, each of the pixel electrodes P
has a plurality of alignment slits ST. The invention does not
limit the shape of the alignment slits ST, and the shape may be
a strip shape or a V shape. As shown in FIG. 9, the common
electrodes corn and the first transparent electrode layer E1 of
the transparent capacitor C are formed in a same fabrication
step and are located in a same film layer, and this film layer is
directly located above the insulating layer PL. The pixel elec-
trodes P, the third transparent electrode layer E3, and the
second transparent electrode layer E2 are formed in a same
fabrication step and are located in a same film layer. More-
over, a dielectric layer IL is located between the pixel elec-
trodes P and the common electrodes corn, such that the pixel
electrodes P and the common electrodes corn are electrically
insulated from each other. The pixel electrodes P and the thin
film transistors TFT are electrically connected through the
opening W, although the invention is not limited thereto.

As shown in FIG. 9, the sealant 130 may cover a portion of
the transparent capacitor C, although the invention is not
limited thereto. Similar to the display panel 200 of FIG. 4, by
using the afore-described improving methods, the display
panel 500 according to the present embodiment can also
prevent water vapor from deteriorating the transparent
capacitor C without requiring the protection layer 160
between the insulating layer PL. and the first transparent elec-
trode layer E1. Similarly, since the transparent capacitor C of
the present embodiment can increase the transmittance
needed to cure the sealant 130, therefore, a sufficient trans-
parent region can be assured even if the sealant 130 and the
transparent capacitor C are completely overlapping. Accord-
ingly, the display panel 500 of the present embodiment can
shrink the design of the driving circuit DC including the
transparent capacitor C in the sealant 130, and thereby reduce
the border of the display panel 500.

Sixth Embodiment

FIG. 10 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a sixth
embodiment of the invention. The embodiment shown in FIG.
10 is similar to the embodiment depicted in FIG. 2, and
therefore the same or similar elements are labeled with the
same or similar reference numbers, and the description
thereof are notrepeated. A difference between a display panel
600 and the display panel 100 is in the quantity of the masks
used in the fabrication process. Compared to the first embodi-
ment, in the present embodiment, a same mask is used in a
photolithography process and a corresponding etching pro-
cess for the insulating layer PL, the dielectric layer IL, the
protection layer 150, and the protection layer 160, so as to
simultaneously form an opening W", a first opening W1, a
second opening W2”, and the contact opening W3. Therefore,
compared to the embodiment depicted in FIG. 2, the present
embodiment can reduce one mask. Moreover, the invention
does not limit the methods of the electrical connection
between the first transparent electrode layer E1 and the first
conductive element 1102, and the methods of the electrical
connection may be adjusted according to the fabrication pro-
cess or design.

Seventh Embodiment

FIG. 11 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to a seventh
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embodiment of the invention. The embodiment shown in FIG.
11 is similar to the embodiment depicted in FIG. 4, and
therefore the same or similar elements are labeled with the
same or similar reference numbers, and the description
thereofare notrepeated. A difference between a display panel
700 and the display panel 200 is in the quantity of the masks
used in the fabrication process. Compared to the second
embodiment, in the present embodiment, a same mask is used
in a photolithography process and a corresponding etching
process for the insulating layer PL, the dielectric layer IL, and
the protection layer 150, so as to simultaneously form the
opening W", the first opening W1, the second opening W2”,
and the contact opening W3. Therefore, compared to the
embodiment depicted in FIG. 4, the present embodiment can
reduce one mask. Moreover, the invention does not limit the
methods of the electrical connection between the first trans-
parent electrode layer E1 and the first conductive element
1102, and the methods of the electrical connection may be
adjusted according to the fabrication process or design.

Eighth Embodiment

FIG. 12 is a partial cross-section view of the display panel
depicted in FIG. 1 along the line I-I' according to an eighth
embodiment of the invention. The embodiment shown in FIG.
12 is similar to the embodiment depicted in FIG. 6, and
therefore the same or similar elements are labeled with the
same or similar reference numbers, and the description
thereofare notrepeated. A difference between a display panel
800 and the display panel 300 is in the quantity of the masks
used in the fabrication process. Compared to the third
embodiment, in the present embodiment, a same mask is used
in a photolithography process and a corresponding etching
process for the insulating layer PL, the dielectric layer IL, and
the protection layer 160, so as to simultaneously form the
opening W", the first opening W1", the second opening W2",
and the contact opening W3. Therefore, compared to the
embodiment depicted in FIG. 6, the present embodiment can
reduce one mask. Moreover, the invention does not limit the
methods of the electrical connection between the first trans-
parent electrode layer E1 and the first conductive element
1102, and the methods of the electrical connection may be
adjusted according to the fabrication process or design.

FIG. 13 is an equivalent circuit diagram of a gate driving
circuit according to an embodiment of the invention. The
present embodiment may be applied as a gate driving circuit
structure for any one of'the first to eighth embodiments. In the
present embodiment, at least one of the capacitors C1, C2,
and C3 may be any one of the transparent capacitors C from
the first to eighth embodiments. Moreover, the electrode lay-
ers of the capacitors may be respectively electrically con-
nected to the terminals CK1, CK2, GV, OUT1, OUT2, R, and
S of a gate driving circuit, or electrically connected to the
gates, sources, or drains in the TFTs M1-M13. In the present
embodiment, the TFTs M1-M13 may be thin film transistors
that are known to one skilled in the art. It should be noted that,
the present embodiment applies the transparent capacitor
solely as an example to facilitate description. However, the
quantity of the TFTs and the transparent capacitors in the gate
driving circuit may be adjusted according to the different
designs of the gate driving circuit, and the invention is not
limited thereto. Moreover, the transparent capacitors C in the
first to eighth embodiments of the invention may also be
applied in a source driving circuit. That is, the framework of
the driving circuits DC in the first to eighth embodiments of
the invention may be applied in a source driving circuit after
suitable adjustments in view of the requirements.
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The first transparent electrode layer F1, the second trans-
parent electrode layer E2, and/or the third transparent elec-
trode layer E3 of each of the foregoing embodiments may be
made of transparent conductive materials such as indium tin
oxide (ITO), indium zinc oxide (IZO), aluminum tin oxide
(ATO), aluminum zinc oxide (AZO), indium gallium zinc
oxide (IGZ0O), other suitable oxides, or stacked layers of at
least two of the foregoing materials. However, thinner metal-
lic conductive materials, alloys thereof, or transparent or
translucent films formed by stacked layers of the foregoing
materials may also be used. These materials belong in the
scope of the invention as long as their transmittance is suffi-
cient for the successful curing of the sealant 130.

In view of the foregoing, the driving circuit of the display
panel in the invention includes the transparent capacitor
formed by the first transparent electrode layer, the second
transparent electrode layer, and the dielectric layer. Since the
transparent capacitor can increase the transmittance needed
by the sealant curing process, the border of the display panel
can be reduced. Furthermore, by stacking the transparent
capacitor on the conductive elements or densely arranging the
transparent capacitor between the conductive elements
through isolation by the insulating layer, the display panel
according to embodiments of the invention can reduce the
horizontal distance between the transparent capacitor and the
conductive elements, and thereby achieve the slim border
effect. Accordingly, the border and size of the electronic
devices applying to the display panel can be further reduced,
which increases the added value of the electronic devices.

Although the invention has been described with reference
to the above embodiments, it will be apparent to one of
ordinary skill in the art that modifications to the described
embodiments may be made without departing from the spirit
of'the invention. Accordingly, the scope of the invention will
be defined by the attached claims and not by the above
detailed descriptions.

What is claimed is:

1. A display panel having a display region and a non-

display region, the display panel comprising:

an active array substrate, comprising:

a substrate; and
a pixel array and a driving circuit disposed on the sub-
strate, the pixel array located in the display region,
and the driving circuit is disposed in the non-display
region, wherein the driving circuit comprises:
a first transparent electrode layer;
a second transparent electrode layer; and
a dielectric layer located between the first transparent
electrode layer and the second transparent elec-
trode layer, wherein the first transparent electrode
layer and the second transparent electrode layer are
electrically coupled to each other to form at least
one transparent capacitor; and

an opposite substrate disposed opposite to the active array
substrate.

2. The display panel according to claim 1, wherein the

driving circuit further comprises:

a first conductive element and a second conductive ele-
ment, the first conductive element or the second conduc-
tive element being a thin film transistor, a conductive
line, or a combination thereof; and

an insulating layer covering the first conductive element
and the second conductive element, wherein the at least
one transparent capacitor is located on the insulating
layer.
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3. The display panel according to claim 2, wherein:

the insulating layer has a first opening and a second open-
ing respectively exposing the first conductive element
and the second conductive element; and

the first transparent electrode layer and the second trans-
parent electrode layer are respectively electrically con-
nected to the first conductive element and the second
conductive element through the first opening and the
second opening.

4. The display panel according to claim 2, further compris-

ing:

a protection layer located on the first conductive element
and the second conductive element, and the insulating
layer is located on the protection layer, wherein

the insulating layer and the protection layer have a first
opening and a second opening respectively exposing the
first conductive element and the second conductive ele-
ment; and

the first transparent electrode layer and the second trans-
parent electrode layer are respectively electrically con-
nected to the first conductive element and the second
conductive element through the first opening and the
second opening.

5. The display panel according to claim 2, further compris-

ing:

a protection layer located between the insulating layer and
the first transparent electrode layer, wherein the insulat-
ing layer has a first opening and a second opening
respectively exposing the first conductive element and
the second conductive element;

the first transparent electrode layer and the second trans-
parent electrode layer are respectively electrically con-
nected to the first conductive element and the second
conductive element through the first opening and the
second opening.

6. The display panel according to claim 5, wherein:

the dielectric layer has a contact opening, the first trans-
parent electrode layer electrically connecting with the
first conductive element through the contact opening
and the first opening; and

the second transparent electrode layer is electrically con-
nected with the second conductive element through the
second opening.

7. The display panel according to claim 2, further compris-

ing:

a first protection layer located on the first conductive ele-
ment and the second conductive element, and the insu-
lating layer is located on the first protection layer; and

a second protection layer disposed between the insulating
layer and the first transparent electrode layer.

8. The display panel according to claim 7, wherein:

the insulating layer, the first protection layer, and the sec-
ond protection layer have a first opening and a second
opening for respectively exposing the first conductive
element and the second conductive element; and

the first transparent electrode layer and the second trans-
parent electrode layer are respectively electrically con-
nected with the first conductive element and the second
conductive element through the first opening and the
second opening.

9. The display panel according to claim 8, wherein:

the dielectric layer has a contact opening, the first trans-
parent electrode layer being electrically connected with
the first conductive element through the contact opening
and the first opening; and
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the second transparent electrode layer is electrically con-
nected with the second conductive element through the
second opening.

10. The display panel according to claim 1, further com-

prising:

a sealant located between the active array substrate and the
opposite substrate, wherein the sealant covers at least a
portion of the driving circuit to define a space; and

a display medium located in the space.

11. The display panel according to claim 10, wherein the
sealant covers at least a portion of the at least one transparent
capacitor.

12. The display panel according to claim 1, wherein the
driving circuit is a gate driving circuit, and a voltage difter-
ence between the first transparent electrode layer and the
second transparent electrode layer is from -40V to +40V.

13. A display panel having a display region and a non-
display region, the display panel comprising:

an active array substrate, comprising:

a substrate; and

a pixel array and a driving circuit disposed on the sub-
strate, the pixel array located in the display region,
and the driving circuit is disposed in the non-display
region, wherein the driving circuit comprises at least
one transparent capacitor;

an opposite substrate disposed opposite to the active array
substrate; and

a sealant located between the active array substrate and the
opposite substrate, wherein the sealant covers at least a
portion of the driving circuit.

14. The display panel according to claim 13, wherein the
sealant comprises a photo-curable sealant, and the sealant
covers at least a portion of the at least one transparent capaci-
tor.

15. The display panel according to claim 13, the driving
circuit further comprising:

at least one conductive element; and

an insulating layer covering the at least one conductive
element.

16. The display panel according to claim 15, wherein:

the insulating layer has an opening to expose the conduc-
tive element; and

the transparent capacitor is electrically connected with the
conductive element through the opening.

17. The display panel according to claim 15, further com-

prising:

a protection layer located on the at least one conductive
element, the insulating layer being located on the pro-
tection layer; wherein

the insulating layer and the protection layer have an open-
ing exposing the conductive element; and the transpar-
ent capacitor is electrically connected with the conduc-
tive element through the opening.

18. The display panel according to claim 15, further com-
prising a protection layer located between the insulating layer
and the transparent capacitor, wherein the insulating layer has
an opening to expose the conductive element, the protection
layer is located on the insulating layer, and the protection
layer at least partially exposes the opening to expose the
conductive element, and the transparent capacitor is electri-
cally connected with the conductive element through the
opening.

19. The display panel according to claim 18, wherein:

the dielectric layer has a contact opening, and the transpar-
ent capacitor is electrically connected with the conduc-
tive element through the contact opening and the open-
ing.
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20. The display panel according to claim 15, further com-

prising:

a first protection layer located on the at least one conduc-
tive element, and the insulating layer is located on the
first protection layer; and

a second protection layer located between the insulating
layer and the transparent capacitor.

21. The display panel according to claim 20, wherein:

the insulating layer and the first protection layer have an
opening to expose the conductive element;

the second protection layer is located on the insulating
layer, and the second protection layer at least partially
exposes the opening to expose the conductive element;

and the transparent capacitor is electrically connected with
the conductive element through the opening.

22. The display panel according to claim 21, wherein:

the dielectric layer has a contact opening, and the transpar-
ent capacitor is electrically connected with the conduc-
tive element through the contact opening and the open-
ing.

#* #* #* #* #*
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